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FOREWORD 

This report has been prepared by Hexcel Research, Advanced 

Structures Group, Hexcel Products Inc., Berkeley 10, California, 

under Picatinny Arsenal Contract No. DA-0U-200-AMC-U77(A), 

Hexcel Project No. 6065, "Development and Evaluation of a Light- 

weight Aluminum Honeycomb Case". The report covers work 

accomplished during the month of February 196k. 
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HEXCEL RESEARCH 
REFERENCE: 6065 

CONTRACT NO. DA-0U-200-AHC-l»77(A) 
March 10, 196k 

1.  SUMMARY 

1.1 During the current reporting period, work was done on a 

predevelopment study, design of the prototype case, 

fabrication of tooling and test equipment, and engineering 

drawing release. 

1.2 The predevelopment study was conducted to evaluate the design 

data and concepts to be used in the prototype design. A 

primary result of this study was the determination that the 

1.6 lb/cu.ft. density core is too strong to be used as an 

energy absorber. 

1.3 The prototype design has been completed. An analysis is 

presented in Appendix B. This analysis is an extension of that 

presented in Appendix A of Progress Report #1. Detail and 

assembly drawings of the prototype design are approximately 

80 percent complete. 

l.h Fabrication of the basic tooling is approximately 80 percent 

complete. The remaining fabrication is scheduled to be 

completed by March 6, I96U. 

-1- 
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1. Suanary (continued) 

1.5 A revised Teat Plan is included in this report (see Table 1). 

The most significant change is in limiting the test pressure 

in the first hydrostatic test conducted on each case to 12 

p.s.i. to avoid crushing the energy absorption core. Certain 

of the cases will then be tested to 22 p.s.i. after the 

remainder of the testing on the case has been completed. 

1.6 The technical requirements for the honeycomb case, listed in 

Appendix B of Progress Report #1 have been modified as shown 

in Appendix C of this report. The most significant 

modification is a change in the vibration environment. 

-2- 
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2. PREDEVELOPMEMT STUDY 

2.1 PURPOSE 

The purpose of the predevelopment study is to evaluate the design 

data and concepts to be used in the prototype design. The study 

was conducted by testing typical specimens and evaluating the test 

results by comparing them with the theoretical analysis and 

calculations given in Appendix A (Preliminary Design and Analysis) 

of Progress Report #1. 

2.2 TEST PROGRAM 

The description of the tests and the results are contained in 

Appendix A "Predevelopment Testing". 

2.3 EVALUATIOH OF TESf RESULTS 

2.3.1 Hydrostatic Pressure Cylinder - As shown in Table A-2, the 

data used for preliminary design are conservative. Peel 

strength for adhesive AF-111 which was chosen for prototype 

design, is sufficiently high. 

2.3.2 Energy Abnorption Cylinder and End Caps - As shown in Table 

A-3, the method for calculating the deceleration properties 

of a honeycomb block with constant cross-sectional area, 

such as the end cap, is adequate. The extension of the 

method used in Progress Report #1 for calculating the 

deceleration properties of a honeycomb block with a surface 

-3- 
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2. Predevelopment Study (continued) 

CONTRACT NO. DA-0U-200-ANC-l(77(A) 
March 10, 1964 

area which changes under load (such as the energy absorption 

cylinder when dropped flatwise) also appears adequate as 

shown in Table A-3. The 1.6 lb/cu.ft. density core is too 

strong, as shown in Table A-2, to provide a deceleration of 

27g,s as required for the energy absorption cylinder. 

-1.- 
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CONTRACT NO. DA-0U-200-AMC-U77(A) 
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3. PROTOTYPE DESIGN 

3.1 HYDROSTATIC PRESSURE CYLINDER 

The results of the predevelopment testing (Appendix A) have shown that 

the shear modulus values for 2.1 lh/cu.ft. density Flex-core (26,500 

p.s.l. In "L" direction and 13,900 p.s.i. in "W" direction) are about 

twice the values used in preliminary design (11,900 p.s.i. in "L" 

direction and 7,300 p.s.i. in "W" direction). Also, the compressive 

strength of the core (356 p.s.l.) is much higher than the designed 

hydrostatic pressure (22 p.s.l.). Therefore, the cylinder is expected 

to be able to withstand a higher pressure than that predicted in 

preliminary design. Hence, there is no change required in the materials 

or dimensions determined during preliminary design (See Appendix A of 

Progress Report #1.) 

Because of the additional requirement that the pyaload be supported by 

a threaded ring at a point along Its length, em I-section ring will be 

bonded into the hydrostatic cylinder as shown in Drawing No. 88657OU. 

This effectively changes the hydrostatic cylinder from one long 

cylinder into two cylinders of shorter length. Again, the preliminary 

design is conservative since it assumed only one long cylinder. 

-5- 
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3. Prototype Design (continued) 
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March 10, 196U 

3.2 ENERGY ABSORPTION CYLINDER 

The analysis presented in Appendix A of Progress Report #1, did not 

consider in detail the deceleration response of curved honeycomb 

sandwich. An analysis is presented in Appendix B of the present 

report, extending the previously reported study to include a detailed 

consideration of this case. Evaluation of the test results from the 

predevelopment testing (Appendix A) indicates that the 1.6 lb/cu.ft. 

density core, shown in Progress Report #1, is not adaptable for the 

energy absorption cylinder because of its excessive crushing strength. 

This core has been replaced with 1.2 lb/cu.ft. density core which is 

the lowest density practical for this usage. An analysis of the new 

configuration is presented in Appendix B. 

3.3 END PLATES AND SADDLES 

Since the core of the energy absorption cylinder was changed to a 

1.2 lb/cu.ft. dense core, the end plate and saddle energy absorption 

core was also changed to the same density. This was done in order to 

keep the number of different core configurations at a minimum for 

ease in fabrication and material procurement. An analysis of the end 

plate and saddles with the new core is presented in Appendix B. 

-6- 
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REFERENCE: 6065 March 10, 196k 

k.  CALIBRATION OF PRESSURE TANK 

U.l The calibration of the hydrostatic pressure test tank has 

been rescheduled to March 17, 196U. The rescheduling was 

necessitated by a delay in the fabrication of the tank. 

-7- 
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CONTRACT NO. DA-0»i-200-AMC-i»77(A) 
March 10, 196»» 

5. MATERIAL PROCUREMENT 

5.1      The following has been purchased for fabrication of the 

first prototype case (Case No. HXL-U77-I). 

5.1.1 Core: AL-3/8-3003-.0007P x 2.8" thick. 

5.1.2 Skin: .012-202Vr3-Clad per QQ A 362b 

5.1.3 Adhesive:      AF-111 Type A per MIL-A-25it63 and 

MIL-A-5090D 

-8- 
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Complete 

Complete 

To be complete March 6,1961» 

Complete 

Complete 

Complete 

6. TOOLING DESIGN AND FABRICATION 

6.1 The status of the basic tools described in Paragraph 3.2 of 

Progress Report jfl, is given below: 

6.1.1 Bonding Tool (SK-6065-I) 

6.1.2 Cylinder Trimming Tool (SK-6065-2) 

6.1.3 Skin Forming Tool (SK-6065-3) 

6.1.1» Core Forming Tool (SK-6065-1*) 

6.1.5 Bonding Tool Support   (SK-6065-5) 

6.1.6 Support & Cutting Tool (SK-6065-6) 

6.2 Originally, it was intended to fabricate a dummy payload to use for 

alignment purposes while bonding the hydrostatic cylinder to the 

threaded ring and the outer core to the hydrostatic cylinder. This 

concept has been changed. It is now intended to use a threaded 

plate to simulate the threads on the payload. A tube will extend 

vertically through this plate the full length of the sandwich 

cylinder. End plates will be bolted to each end of the tube in order 

to clamp the sandwich cylinder in place during vacuum bonding. Thus, 

bonding of the hydrostatic cylinder to the threaded ring and the outer 

core to the hydrostatic cylinder will be completed using the one tool 

in two operations. Completion of this tool is scheduled for March 6, 

1961». 

-9- 
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6. Tooling Design & Fabrication (continued) 

6.3  Use of a dummy payload is required in the test program. Paragraph 

5.6 of Progress Report #1 stated that the dummy payload would he 

fabricated by Hexcel from drawings supplied by Pleatinny Arsenal. 

However, because of a recent decision, the dummy payload will be 

supplied by Picatinny Arsenal to Hexcel. 

-10- 
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7. TEST PROCEDURES 

7.1 The development tests (programmed as shown In Table 1) were 

briefly described in Part C.2 of Appendix C, Progress Report 

01.    Detailed procedures, including check lists, are being 

prepared for each of these tests and will be submitted to 

Picatinny Arsenal for comments. 

7.2 The test described in Progress Report #1 as a "Fragment Test" 

is actually a "Fragmentation Test". 

-11- 
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APPENDIX A 

PREDEVELOPMENT TESTING 

A.l TEST SPECIMENS 

Typical specimens were fabricated according to the different components 

of the core. The skins and adhesives used were exactly the same as 

those to be used for the prototype design. Table A-l shows the different 

types of specimens tested. 

A.2 PREDEVELOPMENT TESTS 

The following tests have been carried out for the predevelopment testing 

The test results are shown in Table A-2 and A-3. Details of each test 

were recorded. 

A.2.1 Compression Test (Tested per MIL-C-T^SSc) 

To determine the crushing strength of the honeycomb core. 

A.2.2 Crushing Test 

To determine the crushing strength of the honeycomb core. 

A.2.3 Peel Test (Tested per MIL-A-25U63) 

To determine a core-to-facing bonding strength of 

adhesive (using .012" thick 202U-T3 facing and AF-111 adhesive). 

A.2.U Flexure Test (Tested per MIL-C-T^SÖC) 

To determine the shear strength and shear modulus of core in 

both "L" and "W" directions. 

A.2.5 Drop Test 

To determine the deceleration properties of different types 

of honeycomb cores. 
A-l 
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TABLE A-l 

CORE TYPE 

CORE 
DENSITY 
lb/in3 

CORE 
THICKNESS 
in. 

TYPE OF 
TEST 

NUMBER OF 
SPECIMENS 
TESTED 

Flex-core 2.1 M 

M 

M 

Compression/crushing 

Peel 

Flexure 

3 

3 

6 (3 - "L" and 
3 - "W") 

l/1t-5052- 
.007 

1.6 3.0 

3.0 

Compression/crushing 

Drop 

6 

2 

3/8-3003- 
.0007 

1.2 2.8 

2.8 

Compression/curshing 

Drop 

3 

6« 

3/8-3003- 
.001P 1.7k 3.3 

6.5 

2.75 

Compression/crushing 

Compression/crushing 

Drop 

2 

2 

2»» 

* Three flat and three curved specimens 

** Curved Specimens 

A-2 
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TABLE A-3 (DROP TESTS) 

SPECIMEN 
NO. 

CORE 
TYPE»» 

CORE 
DENSITY 
(lb/in3) 

CORE 
THICKNESS 

(in.) 

CRUSHING 
STRENGTH 
(psi) 

DROP 
WEIGHT 
(lb) 

SPECIMEN 
AREA 
(in2) 

DECELERATION (g) 
Theoretical Testing 

1» 1/U- 
5052- 
.0007 

1.6 3.0 62.6 lh.7 9 39 J*l 

2» lA- 
5052- 
.0007 

1.6 3.0 50,7 1U.7 9 32.2 30.6 

3 3/8- 
3003- 
.0007 

1.2 2.5 21.1 9.9 18 38.lt hl.U 

k 3/8- 
3003- 
.0007 

1.2 2.5 21.1 9.9 1J».8 31.6 37.h 

5 3/8- 
3003- 
.0007 

1.2 2.5 21.1 9.9 17.2 37.1 38.3 

6 3/8- 
3003- 
.001P 

l.lh 2.75 hi 6.9 »»* 3^,2»»*»* 82.3 

7 3/8- 
3003- 
.001P 

1.7U 2.75 U7 6.9 ««* 6 7.7«»«»» 66 

8 3/8- 
3003- 
.0007 

1.2 2.5 21.1 Ik.6k *»«« 32.1+»«»»» 30.2 

9 3/8- 
3003- 
.0007 

1.2 2.5 21.1 lk.6h «#»« 36.3 36 

10 3/8- 
J003- 
.0007 

1.2 2.5 21.1 lh.6k *»»» 31.U»»»»» 31.5 

A-l» 
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Table A-3 (Drop Tests) (continued) 

NOTES 

»» 

««• 

«««• 

»»•«« 

Specimen No. 1 and 2 are the same specimens that had been 
tested for static compression. 

Specimens No. 1 and 2 used stabilized core; all other 
specimens used bare core. 

Specimens 6 and 7 were curved with inside radius of 6.75" 
and outside radius of 9.50". The arc of the specimens are 
8" with a depth of 2.75" and a width of 1.8" for No. 6 and 
1.5" for No. 7. 

Specimens No. 8, 9 and 10 were curved with inside radius 
of 6.75" and outside radius of 9.25". The arc of length 
of the specimens is 9" with a depth of 2.5" and a width of 
2.7" for No. 8, 3.0" for No. 9 and 2.6" for No. 10. 

Method for calculating the decelerations of curved specimens 
cure the same as shown in Appendix B. 

A-5 
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APPENDIX B 

PROTOTYPE DESIGN 

B.l ENERGY ABSORPTION CYLINDER 

B.l.l The following ore based on recent empirical tests supported by 

theoretical analysis*. 

B.l.1.1 Approximately 75 percent of the total thickness of core 

material is available for energy absorption purposes. 

B.l.1.2 For honeycomb core material with constant thickness the 

time rate of deceleration of supported payload Is constant 

and is Independent of the deformation provided the final 

thickness is greater than 23%  of the initial thickness. 

The time rate of deceleration of a payload supported with 

honeycomb core material of variable thickness varies with 

the deformation, however, for relatively small intervals 

of deformation, one may assume constant rate of deceleration. 

B.l.1.3 Ultimate strength as well as crushing strength of the core 

material is an obliquity angle dependent (See Figure B l) 

if the angle of obliquity 6 is increased, the crushing 

strength is reduced. However, this generality is 

inapplicable for honeycomb core materials of density less 

than 1.6 pcf.  For obliquity angles between 0° and 30° the 

crushing strength is almost constant (assuming the core 

•Hexcel R&D 6o6l, First Procress Report, nvailnblc upon n-qu-st on a 
loan basis. 

B-l 
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density is less than 1.6 pcf). For obliquity angles 30° to 

^5° the crushing strength'reduces to about 85 percent 

of the 0 obliquity angle. 

B.l.l.U The crushing strength of honeycomb core material (Figure B 2) 

in regions II and III display different characteristics than 

regions I and IV.  In regions II and III compressive strength 

as well as crushing strength of the core remains approximately 

constant. For regions I and IV both the compressive strength 

and the crushing strength are 83 percent of those for regions 

II and III.  The total crushing force in I and IV is: 

(.85 oc) x A (1) 

where: 

F = crushing force of core, lbs. 

ac= crushing strength of core under direct 
compressive load, p.s.i. 

A = contact area in the segment at a certain 
deformation, in.^ 

Since F is the product of ,65  (ac) and A, then equation 

(l) may be written as: 

F = oc x (.85A) (2) 

Thus one can assume a constant  (oc)  coupled with a reduced 

contact area (.85A). 

B-2 
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B.1.2 Absorbed energy per unit length of cylinder (E) is: 

E = i n V„2 + Wd 
2   0 

(3) 

where: W * weight per unit length, 5.53 lb/in.length 

d = total deformation of cylinder, in. 

5 53 lb—sec 
m = mass of drop weight per unity length,'*'    .  ' /in«length s     *** 
V0= terminal drop velocity,^2 gh in./sec. 

h » drop height, 36 in. 

. E » i x 5.53 i x 72e + 5.53d (U) 
"2 g 

B.1.3 

• (199 + 5.53d) in-lb/in.length 

B.1.3.1 Thickness of core for energy absorption: 

Core thickness is 2.5 inches, hence thickness for 

absorbing the energy is 1.88 in. (B.1.1.1) 

Dividing 1.88 in. into ten portions, then: 

A « .188 in. 

B.1.3.2 Energy absorbed by the core through a deformation of 

^ is: 

h-r* (vi-i - vi > (5) 
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10 1 _ ,..  2  „ 2) hence E » IEJ » Z      7" m (V. .^ - V. 1   i=i 2    i-1    i 
(6) 

where E. and V. are energy absorbed and terminal velocity 

through an arbitrary deformation of A^. 

B.1.3.3 Deceleration s.^  through deformation A^: 

Ei * FiAi • Ai 0c Ai 

where A^  is the effective contact area at A. 

thus: 
Ai0cA a 9 m (Vi-l2 ~ Vi2)  (B-1*1-1*) 

(B.l.1.2) 

(7) 

(8) 

since: Vj^2 * Vi + 2aiA 

then: 
Vi.l2 - Vi2 " 2aiA (9) 

Equations (8) and (9) imply: 

Ai acA = 2 m x 2 aiA 

hence:     A^ oc 

m 
(10) 

B.l.l» Maximum crushing strength of core: 

Deceleration at each A. should not exceed 27g,s 

(Appendix B.2 First Progress Report). 

Effective area A^ and thus the total reactive force through 

each A increases as i progresses from 1 through 10. Hence: 

ai+1  > aj 

and a^Q is the maximum deceleration. 
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Now from Fig. B 2, A10 =9.9 ln2/in.  length. 

27 x 5.53 
o c 

9.9 
= 15.2 p.s.i. (11) 

B.1.5 Core Energy Capacity per unit length of Cylinder 

Equating Equations (6) and (7) one obtains: 

10   10 
ZE±  = £ A^ a„ A (12) 

i=l 
JJ- r.^iuc 

Substituting the value of ac  from Equation (11) into (12), 

one obtains: 

10 10 
£ Ej = 15.2 x 0.188 x    Z A± 

i=l i=l 

Again from Fig. B 2, 

10 
E Aj = 72.2 in.2/in. length 

i«l 
10 

.*. £ E. » 15.2 x 0.188 x 72.2 
i-1 

* 206 ln.-lb./ m.length 

Compared with section B.1.2, Equation CO, the total energy to be 

absorbed: E = 199 + 5.53 x 1.88 ■ 209 in.-lb./in.length. 

hence the deformation will be stopped as the core deforms to 1.88 in. 

(See Section B.1.3). 
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B.1.6 Actual Design 

The lightest possible density for aluminum honeycomb core available 

is about 1.2 lb/cu.ft. This provides an average crushing strength 

of 23  p.s.l.  Compared with the required crushing strength of 15.2 

p.s.i., (B.l.U) this suggests that it is still about 10 p.s.l. too 

high. 

B.1.6.1 Deformation: To absorb the total energy of 209 in.-lb. 

(per in. of length), the deformation will cease at a level 

of 1.32,,as can be derived from Equation (12). 

EE. = a x 0.188 x EA, 

IE. 
rA± • 

209 

a x 0.188   25 x 0.188 c 

W*.5 in.2/ln.length 

from Fig. B 2, it Is seen that to obtain EA^ = UU.5 in.2/ 

in. length, the deformation has to be 

A = 7 x 0.188 « 1.316 » 1.32 in. 

B.1.6.2 Maximum Deceleration a: From Figure B 2, 

at A 3 1.316 in. the effected area is: 
7 

Aj - 8.55 in.2/ In. length 

a ■ 
ac xA7 25 x 8.55    0   ,  2 

——^— = 3ög in/sec 
5.53 

B-6 
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Actually, for certain manufacturing reasons, the precrushed 

core when formed into cylindrical shape yields crushing 

strength lower than 23  p.s.i., hence a deceleration of the 

order from 30g's to SSg's is expected. 

A modification to reduce the core envelope or to change its 

configuration, will be employed if necessary, however, after 

the completion of the first phase. 

B.2 CLOSURES 

B.2.1 End Plates: The end plate together with the end cap of the energy 

absorption envelope forms a multiple layer sandwich as shown in 

Fig. B 3. The core used for the end plate is 2.1 lb/cu.ft. The 

compressive strength of the core is greater than 200 p.s.i. while 

the external pressure is 22 p.s.i. Hence no failure of core will 

occur due to this 22 p.s.i. pressure. 

Since the paylosd In the Case supports the end plates and the loads 

acting on both the end plates are the same because of hydrostatic 

pressure, then end plates should stay stationary in their positions. 

B.2.2 Fixed End Plate: The plate will be bonded to the cylinder by 

adhesive as shown in Fig. B k.    The shear force of circumference 

per linear inch is: 

22 x ir x (6.25)2 u  2700 
2 x v x 6.25 39.2 

B-7 
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then the developed shear stress is 69 » 0.5 - 138 p.s.i. 

while the shear strength of adhesive is much higher than 

138 p.s.i. 

As described previously in the actual loading condition the 

compression load of 2700 lbs. on each end plate will transduce 

directly to the payload. A very small amount of shear force 

will be experienced by the adhesive. (Theoretically there will 

be no shear load acting on the adhesive around the edge of 

the end plate). The main function of the adhesive is to 

prevent the water from leaking into the cylinder. 

B.2.3 Movable End Plate: The movable end plate amdwiched together with the 

end cap will be fixed by the locking device developed by 

Picatinny Arsenal. To prevent the leakage problem, an 0-ring 

will be placed at the end of the hydrostatic cylinder. See 

Fig. B 5. As the end plate is locked to the cylinder, the 

0-ring will be pressed tightly between the plate and the end 

of the cylinder. If the case submerges into the water, the 

hydrostatic pressure acting on the end plate will compress 

the 0-ring further. Therefore, no water leakage is expected. 

B.3 ENERGY ABSORPTION ENVELOPE 

B.3.1 End Caps: As concluded in section 2.3.2 the concept for designing 

the end plates in preliminary design is quite adequate, however, the 

only change is to use 1.2 lb/cu.ft. core instead of 1.6 lb/cu.ft. for 
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the energy absorption agent. As required in the specification, 

the end caps are designed to absorb the energy for a drop from 

three feet high and to provide a maximum deceleration less than 

UOg's. 

3.3.2   Fixed End Cap : 
acA 

Maximum deceleration:  a = —>- (lb) 

Where: ac = crushing strength of core, p.s.i. 

2 
A ■ area of end cap, in. 

m = mass of total drop weight, lb-sec2/in. 

hence:  a 

which is smaller than the requirement of bOg. 

25 x 268    __ , .  2 
= ' ■- g ■ 32g iD/eecc 

Core thickness: W (h + A) =a AA c 

Where: W = drop weight, lb. 

h = drop height, in. 

A = core deformation, in. 

From equation(l$)one obtains: 

(15) 

. ~   „:-......     m 210 X 36 
Ä  o-A-W   25 x 268 - 210 

. _wfa 1.15 in. 

.'. the core thickness tc is: A x - = 1.53 in. 

based on 3/4 cf core thickness being utilized for absorbing 

energy. 
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Use t    « 1.9 in. c 

B,3.3 Movable End Cap:  Maximum deceleration a ■ 
acA   25 x 250 

m 210 

= 30g1s < UOg's in/sec2 

Core thickness: 
Wh 210 x 36 

A • = 1.25 in. 
a A-W 
c 

25 x 250 - 210 

t„ = 1.25 x - = 1.67 in. c 3 

use tc « 2.5 in. 

The choosing of this thickness of 2.5 in. has also taken into 

consideration the fact that the core will t sorb all the energy 

and stop at a certain thickness of 1.25 in. before the lock device 

hits the ground. 

B.l* SADDLE 

For the purpose of compatibility, the core for the saddles has also changed 

from the density of 1.6 lb/cu.ft. to 1.2 lb/cu.ft. Hence the dimensions 

of the saddle will be determined by the following calculations: 

Maximum deceleration in the radial direction = 27g,s in/sec2 

Maximum force exerted on each saddle due to the deceleration is: 

F = ma « i x 53£. x 27g = 2830 lbs. 
2   g 
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I 

I 

I 

I 

Contact area required: 

A.I   - A - 113 in.2 

"c        25 

Let a = 17 in., b = 6.5 in., as shown in Fig. B 6. 

Maximum deformation d: 

3    wh    « „ J d = —w = 2-9 in- 
Minimum core thickness: 

^ « 2.9 x - = 3.85 in. 

Use core thickness: 

tc » U.5 in. 

B-ll 
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APPENDIX C 

TECHNICAL REQUIREMENTS 

For reference, the technical requirements for the aluminum honeycomb 

core as given in Appendix B of Progress Report #1, are repeated below with 

changes noted. 

C.l  Protection for a cylindrical item, 12.5 inches in diameter x 37.00 

inches long, weight 190 lbs. Minimized weight of the aluminum honeycomb 

case is a primary objective of this development. Total weight of the 

protected item and honeycomb case should not exceed 210 lbs. 

C.2  Maximum deceleration levels on the protected item of ItOg's axially and 

27g,s radially when dropped from a height of three feet in any 

orientation on to any medium. 

C.3* Environment protection to withstand environments outlined on Picatinny 

Arsenal drawings 8837375* dated 21 April i960, "Picatinny Arsenal 

Environmental Testing Criteria for Shipping Containers"and AA-60-1 rev. 

dated 21 March 1963, "Environmental Design Criteria for XM151» ADC" 

Columns "C" and "F" whichever may be more stringent. 

C.k      Energy absorption deformation on exterior surface. 

C.5  Easy access to the protected item through one end. 

C.6  An aluminum honeycomb energy absorber which can readily be replaced on 

exterior of the case. 

•The feasibility of putting the connectors through either the open end or the 
side is being investigated. 
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0.7  A means of stacking. 

C.8  A means of handling with fork-lift trucks and three (3) man carry. 

C.9** Two electrical connectors through closed end which do not impair 

energy absorption qualities. 

** A request for deviation (AMC Form 1020) is being submitted to request 
that the minimum vibration frequency as specified by Picatinny Arsenal 
requirements be changed from 2 ops to 3  cps. 
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APPENDIX D 

STATEMENT OF MAN HOURS EXPENDED - FEBRUARY 196k 

Engineering; 

Sr. Professional 
Professional 

Drafting; 

Technician 

Fabrication: 

Technician (Production Specimen) 

Other; 

Clerical 

TOTAL HOURS EXPENDED: 

MAN HOURS 

36 
262 

182 

100 

53 

533 

I 
I 
I 
I 
I 
I 
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